Cross correlation coefficients between the 500 mb contour height at about 50°N 140°E and those at the twenty five points in its vicinity, were calculated from the data of the Januaries 1948-1952 and the features of the correlation fields were investigated. The contour heights at the several points having the relatively stable correlation were selected as predictors and the 24-hour predictions of the 500 mb contour height at about 50°N 140°E were performed by the method of linear regression. When time lag 7 is relatively large, the correlation coefficients at above twenty five points become small and unstable, and so cross correlation coefficients of lag 1-10 days between the 500 mb contour height at about 50°N 140°E and those at many points over the northern hemisphere, were calculated and the behaviours of the distributions of correlation coefficients were discussed. At the same time, the theoretical correlation field was obtained from the linearized vorticity equation and compared with the actual correlation fields, and the features of the correlation field were discussed by the method of spectrum analysis. Some considerations on the nonlinear system were also made.
Introduction
Statistical weather predictions of the contour height have been studied by many authors such as WADSWORTH and BRYAN (1948) , WADSWORTH (1951) WHITE and PALSON (1955) , MALONE (1955) , LORENZ (1956) , and WHITE and collaborators (1957) . MALONE (1955) represented the contour height pattern by the orthogonal polynormials and predicted the pattern by the theory of linear regression on the coefficients of polynomials. LORENZ (1956) proposed an efficient prediction method using the empirical orthogonal functions. WHITE and PALSON (1955) used the three constant pressure levels 1000 mb, 500 mb and 200 mb and selected as predictors the contour heights at fifteen irregularly spaced points on each of the three pressure levels and performed the prediction of the contour heights at above forty-five points.
In this paper the cross correlation coefficients between the 500 mb contour height at about 50°N 140°E and those at many points over the northern hemisphere were calculated and the behaviours of the distributions of the correlation coefficients and the pre-246M.
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At first the correlation coefficients of lag 1-5 days between the 500 mb contour height at about 50°N 140°E and those at twenty five points in its vicinity, were computed from the data of the Januaries 1949 Januaries -1952 , and the same correlations were also computed from each of the Januaries 1948 Januaries -1952 . The features of correlation fields were investigated for every year and it was found that in order to obtain good accuracy of prediction, it is necessary to take the difference between the correlation fields of every year into account.
And it is desired to classify all the correlation fields of every year according to their features, but it is difficult to find an objective rule of classification.
In this paper two kinds of prediction formulas were formed : the one from the data of the Januaries 1949-1952 and the other from each January of several years.
It has not yet been decided which formula is better.
In order to find an area in which there is a good correlation for the 500 mb height at 50°N 140°E when the time lag is relatively large, the correlation fields of lag 1-10 days were calculated over the northern hemisphere.
And it was found that the area of good correlation moves westwards, as time lag becomes larger. On the other hand, it is desired that a theoretical correlation field may be calculated from the equations of motion and compared with the correlation fields obtained from the observed data.
But it is difficult to deal with the nonlinear equations of motion.
Therefore a theoretical correlation field was calculated from the linearized vorticity equation and it was found to be a good approximation of the real. The relations between the correlation field of the linear system and that of the real, were considered by the method of spectrum analysis.
Lastly, it seems to be convenient to investigate the physical and statistical features of the departures of the contour height from the linear system.
Characteristics
of the correlation field in the neighbourhood of Japan The locations of the grid points used for computation of the correlation coefficients, the intervals of which are 1200km, are shown in Fig. 1 . Hereafter, a position of grid point will be indicated by the numbers on the upper left edge of Fig. 1 . The correlation fields of lag 1-5 days between 500 mb height at the point (5,5) near 50°N, 140°E and those at the surrounding 25 points are shown in Fig. 2 . The case of January 1948 is shown in Fig. 2 (a) , Jan. 1949 in Fig. 2 (b) , Jan. 1950 in Fig. 2 (c) , Jan. 1951 in Fig. 2 (d) , Jan. 1952 in Fig. 2 (e) and the case for the Jannaries 1949-1952 is in Fig. 2 
(f) .
A correlation coefficient was calculated by the following formula and then, the isolines of the correlation coefficients were drawn, ii !1 h where Z55 (t) is the height of 500 nib surface in the grid point (5,5) at time t, 4 (t) are those in the surrounding 25 points, N is the number of data, T is time lag, i, j, are the numbers of grid point and bar means arithmetic average for each datum. It is found from Fig. 2 (f) 
Though
there is a common character to all the years in the correlation fields of the lag 0-2 days, the bias of each year from the field for the four months of 1949-1952, seems to be considerable.
When a prediction formula has been derived by the multiple regression method based on the correlation field for the four months of the Januaries 1949-1952, the larger the foregoing bias in the year to be predicted is, the larger the error of prediction would become.
Judging from the correlation fields in Fig. 2 , it may be expected that 24 hr prediction will be successful to some extent.
On the case of 24-hr prediction
In order to predict the height at the grid point (5,5) by means of the multiple regression method based on the foregoing correlation field, simultaneous equations with 25 unknowns should be solved.
This solving procedure requires a great deal of labour, and hence the 500 mb heights at the grid points, to which the predictand is highly correlated in each year, were exclusively selected as predictors. Consequently, the 500 mb heights Z33, Z35, Z53, Z55, Z73 and Z75 in the grid points (3, 3), (3, 5) , (5, 3) , (5, 5) , (7, 3) and (7, 5) were respectively adopted as predictors, and the 500 mb height at the point (5, 5) was selected as a predictand.
That is to say, the multiple regression equation was defined in the following form : -33-33, ,_35-35,,-53-53,,-55-55,,-73-73,,-75-75,, The regression coefficients Ai; in this equation were determined by the least square method.
These coefficients were derived from two kinds of data, namely the daily heights of the four months of the Januaries 1949-1952 and of January of each year.
i) The prediction based on the data of [1949] [1950] [1951] [1952] The general situation of the correlation field in this case is shown in Fig. 2 (f). The simple and multiple correlation coefficients between the predictand and the predictors which have been selected in the equation (1) are as follows :
The regression coefficients in the equation (1) were determined by the simple corr. coeff. mentioned above and the 24-hr prediction of the 500 mb height at the point of (5, 5) was executed for thirty independent data, which were composed of the daily height of January 1948. The result of prediction was verified by the corr. coeff. between the predicted values and the observed.
In our case, the corr. coeff. between the observed and the predicted heights was 0.57 and the corr. coeff. between the observed and the predicted height changes was 0.55. Though these results were not so good, the prediction for the dependent data, namely, the daily heights of January 1952 of course showed a good result, that is, the corr. coeff. between the observed and the predicted heights was 0.78 and the corr. coeff. between the observed and the predicted height changes was also the same. These results tell us that the number of data has been so insufficient that our data have to be enlarged.
However, one of the methods of improving our prediction formula is to take into consideration the proper correlation field for each year. In the following, the regression coefficients in the equation (1) were derived from the data of January in several years and we predicted the 500 mb heights of February in those years as the independent data.
ii) The prediction based on the data of January 1948
The general situation of the correlation field in this case was shown in Fig. 2 (a) . The simple and multiple correlation coefficients between the predictand and the predictors are as follows :
Thus, using these simple corr. coeff., the regression coefficients in the equation (1) were determined and the independent data of February 1948 were predicted. The corr. coeff. between the predicted daily height changes and the observed has come up to 0.77.
To verify whether such a method gives good result in prediction also for other years, we shall next try the same kind of prediction from the data of January 1950.
iii) The prediction based on the data of January 1950
The situation of the correlation field in this case is shown in Fig. 2 (c) . The simple and multiple correlation coefficients between the predictand and the predictors are as follows :
By using these values, the regression coefficients in the formula (1) were determined, and 24-hr prediction was performed for the data of Febuary 1950. As a result, the corr. coeff. between the observed and the predicted height changes is 0.52 and this value is not so good as that obtained for 1948.
It may be considered that the prediction formula based on the data of the January of any one year may be applied to the January of any other year.
Thus, the prediction formulas were obtained form the data of January 1948 and the prediction for January 1949 was performed by use of it. The corr. coeff. between observed and predicted height changes was 0.57. Furthermore, using the prediction formula of January 1950, the prediction for January 1952 was performed, and the corr. coeff. between the observed and the predicted height changes was 0.74. From the results obtained above, it may be expected that the good prediction result is obtained by means of the objective classfication of all the correlation fields.
Next, in the prediction formula (1) based on the data of January 1949-1952, the correlation coefficient between Z55 (t + 1) and Z33 (t) was small, and so we used the height Z11 (t-3) at the grid point (1, 1) in stead of the height Z33 (t) , and furthermore added the Z39 (t-2) to the predictors.
As shown in Fig. 2 , the corr. coeff. between Z55 (t + 1) and Z11 (t-3) is higher and more stable than at Z33 (t) , and thus the following prediction formula can be produced :
In order to determine the coeff. B of formula (2), the data of January 1949-1952 were used. In this case, the corr. coeff. between the predictand and the preeictors are as follows :
Using the values obtained above, the coeff. B1 were determined, and the 24-hr prediction was performed for January 1948. This result was verified by means of the corr. coeff. between the observed and the predicted values.
The coeff. for the Fig. 3. 72-hr prediction for the period of Febuary 1-10 based on the data of Jan. 1949 Jan. -1952 Full lines and dashed lines show the observed and predicted values respectively.
And (a) is the prediction of the height and (b) the prediction of the height change.
observed and the predicted heights was 0.62, and for the height changes was 0.48. Comparing the above result with the result obtained from the prediction formula (1), though the corr. coeff. of verification for the heights obtained by formula (2) is better than that of formula (1), the corr. coeff. for the height changes conversely is worse.
Using the same prediction formula as mentioned above, the predictions for the period of February 1-10, 1949-1952 were performed and the corr. coeff. between the predicted and the observed heights was 0.75, and that for the height changes was 0.42. Now, with respect to the method of the verification of the predicting result, it is a problem whether the corr. coeff. for the heights is better or for the height changes.
The correlation for the height changes seems to be better in the case of 24-hr prediction.
Using the correlation field of lag 3 days, the 72-hr prediction was performed for the period of February 1-10, 1949-1952 by means of the same method.
The corr. coeff. for the heights was O. 73 and the corr. coeff. for the height changes was O. 65. This predicting result seems to be fairly good.
The predicted and the observed values are shown in Fig. 3 . As may be understood from Fig. 3 , the value 0. 73 of the corr. coeff. for the heights depend upon the trend caused by the difference of means by years and it appears that the predicting results for the height is not good. The correlation for the height changes is also relatively good, but as may be seen from Fig. 3 , in order to verify the predicted results, it seems to be necessary to consider the variance of the height change and the corr. coeff. simultaneously.
Features of correlation field on the Northern Hemisphere
As may be seen from Fig. 2 , when time lag T becomes larger than 3 days, no areas of good correlation emerge in this region. And so the correlation fields will be spread over the Northern
Hemisphere. Fig. 4 shows the distributions of the correlation coefficients of lag 1-10 days between the 500 mb height at (5, 5) and those at each point along the 50°N. In Fig. 4, (a) is calculated from the data of January 1951, (b) January 1950 and (c) January 1949. As may be seen from this figure, an area which shows a good correlation, moves westwards, as lag 2-becomes larger.
But this moving velocity and the areas of good correlation are different every year.
And it cannot be expected that there is an area of good correlation when the correlations were calculated from the data of the Januaries of many years in the case of a relatively large 7. Therefore the behaviours of the correlation fields must be investigated for every year. Thus the correlation coefficients of lag 1-10 days between the 500 mb height at (5, 5) and that at each point over the Northern Hemisphere, were calculated from the data of January 1951. Fig. 5 shows the distributions of correlation coefficients calculated. The most outstanding feature is that an area in the vicinity of (5, 5), which shows a good correlation when T -0 , gradually moves westwards and in the case of r =10 day, an area of good correlation emerges in the vicinity of 60°E. It may be owing to the lack of network stations on the China continent that in the case of lag r =3, 4, 5, and 6 days, this area of positive correlation is not clear.
Next in the case of r = 0, there is an area of negative correlation in the vicinity of the 100°E, and in the case of T =5 this area emerges at about 60°F and in the case of = 10 day it reaches to the 35°E. As may be seen from the above results, the main areas of good correlation moves The area of positive correlation at about 40°E in the case of v=0, slowly moves westwards and on the west half area of the Northern Hemisphere there is no clear feature.
And it may be seen that the influence area to the 500 rnb height pattern of the vicinity of Japan for ten days seems to be the east half area of the Northern Hemisphere.
It is difficult to obtain an area in which there is a stable correlation through many years when time lag is relatively large, and so extended prediction can not be performed by the same method as the 24hr prediction mentioned in Section 3.
Statistical properties of dynamically linear model
It is very interesting to explain the various situations of the correlation fields mentioned already by the dynamical or thermodynamical method, but we cannot induce the general explicit form of correlation function from the nonlinear equations of motion, hence we shall induce the correlation function from the linearized vorticity equation as follows :
The linearized form of vorticity equation is (assuming the motion to be uniform) where = latitude -longitude Z= isobaric height w = angular velocity of earth rotation A= angular velocity of general current and the solution of equation (3) is generally written as follows : (4)Z= E {A" cos n (A -C"t) +Bn sin n (A -C "t) ) ,
where, A", Amplitudes of cosine and sine wave of wave number n respectively when t=0 2 (A + co) cos2cD (5)C " A n2 Equation (4) can also be rewritten as follows :
(6)Z= £fa"(t) cos)12+ b " (t) sin nA} n=0 where Generally, mean, variance and correlation coefficient of f (t) and g (t) in the interval [-co, 0] , are defined by the next formulas respectively.
First, such statistical quantities for the amplitude in (7) become as follows :
Secondly, similar relations for the contour height Z are From equation (14), p (Z(t, A1), Z(t 22)) may be regarded as a function of distance e=22-21 and lag 7, and we shall denote it by p (e, 7) hereafter.
is the spectral function for wave number ii, and is connected to p (C, T) by the next FOURIER transformation.
At last, the correlation coefficients between Z and a,, b,, become
From the results mentioned above, the height Z can be expressed in terms of the above a", b,, for t-7 by the linear regression method as follows :
111 Z (t, 2) = Ao+ {a, (ti) cos n (2-C,r) +b,, (t-7) sin n (2-C nr)i n=i This relation is reduced to (6) when in tends to infinity.
In the next section, we shall investigate the possibility that the observed correlatian field may be explained by the correlation field calculated from the dynamically linear model.
6. Analysis of the correlation fields at 500 mb surface First, we compare the equation (14) with the actual cross correlations calculated from the 500 mb height along the 50'N in the Northern Hemisphere .
KUBOTA and IIDA gained the result shown in Table 1 , for the mean value of amplitude and the mean phase velocity of wave number n, by Fourier Analysis of the height anomaly of 500 mb surface along 50°N in the Northern Hemisphere from January 1 to February 5, 1949.
Therefore, we calculated the correlation coefficients of (14) by substituting the results in this table and using Ai =140°E, 22=0°, 10°,......, 360°, r=0, 2, 4, 6, 8, 10. Fig. 4 (d) shows this correlation field. The main feature of correlation field shown in Fig. 4. (c) can be approximately explained by Fig. 4 (d) . As may be seen from (14), the waves in the .correlation fields move to the east when the waves in the 500 mb height along 50°N move to the west . The eastward movement of the wave pattern in the correlation field can be clearly seen in each field of Fig. 4 , and we shall try to discuss in detail the correlation field for 1951.
We can get the next equation by putting r=0 in (14) From this equation, we can induce spectral function F(n) by cosine transformation of p(e, 0), but of course, such relation will not be exactly satisfied for the actual correlation function and spectral function.
In order to examine the possibility of the above relations being satisfied, we calculated spectral function F(n) by cosine transformation of the actual correlation field for January 1951, and showed these results in Fig. 6 . And, p (e , 0) were calculated from (18) by using the above-obtained F(n) (n 1, 2,, 7). These p(, 0) are drawn with the actual corrlation field in Fig. 7 . The correlation coefficient between two curves in Fig. 7 is O. 80 and shows a relatively good fitting.
But the correlation field calculated from (18) is theoretically symmetric with regard to e =0 and the actual curve is not. Using the formulas (16) in the case when time lag 7 =1, 5 and 10, we calculated the amplitudes and the phase velocities Cn for each wave number n =1, 2, 3,......7 from the correlation fields for January 1951. Fig. 8 (a) and (b) show these amplitudes and phase velocities respectively. When the wave number n was fixed, the same amplitude and phase velocity should be gained for any value of time lag 7 as the linearity mentioned already is satisfied for actual data.
But as may be seen from Fig. 8 , they are different according to the various values of 7 , and this result seems to be caused by the assumption of linearity.
Using the amplitudes and the phase velocities obtained above when 7=1, and 5 days, we calculated the correlation functions of (14) and compared with the actual correlation field. Fig. 9 (a) and (b) show these two kinds of correlation fields when r=1 and 5 days. Correlogram calculated from (14) using the mean amplitudes and phase velocities obtained from the data of January 1949, is also drawn in Fig. 10 . This curve is a little diffierent from (19). Moreover, cross correlation coefficients between the 500 mb height at 50°N 140°E and that at each point along 50°N when r=0, 1, 2,......10 are shown in Fig. 11 . We can also see that both ridge and trough of the correlation pattern move gradually to the east. From the above analysis, the limit that the features of correlation fields may be explained by the dynamically linear theory, was ascertained.
Since it is difficult to obtain the correlation function from the nonlinear equation, some consideration on the relationship between the correlation field and the nonlinear model will be given in the following section.
Relationship
between the correlation field at 500 mb level and the nonlinear model
The outstanding feature of the linear pattern to be given by the equation (4) is that both amplitudes and phase velocities are independent of time. Making use of the coefficients obtained by harmonic analysis of daily 500 mb height of 70°E to 180°E along 50°N, for the data of January 1951, the variation with time of the mean values of the height in the interval and the amplitudes of wave numbers 1-3, are shown in Fig. 12 . The waves of wave numbers 1, 2 and 3 have the wave lengths of Table 2 .
It is recognized in this table that the monthly mean and variation of the amplitude of wave number 1 are far larger than the remaining wave numbers. The situation of the 500 mb height level of 70°E to 180°E along 50°N is almost interpreted by the behaviour, of the wave of wave number 1, and for instance there is a remarkable relationship between the variation of the 500 mb contour height at 50° N, 140°E and the variation of the amplitude of wave number 1, and the correlation coefficient between them is 0. 75. This corresponds with the existence of a stationary cyclonic pattern at 500 mb height level in the neibourhood of Japan in the winter season.
As may be seen from Fig. 12 , the outstanding feature in variations of the amplitudes seems to be the variation of wave number 1. Then the distributions of the mean phase velocities of wave number 1, 2 are shown in Table 3 . ,by harmonic analysis of the 500 mb height from 70°E to 180°E along 50°N of January.
1951.
